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The protection of water quality and the maintenance of produc-
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tive anadromous fisheries is a primary concern in the Pacific North-
west. Excessive suspended sediment loads is a principle water
quality problem on small wildland watersheds in this region (Ande.rson,
1971; Brown, 1972). Man's activities have been shown to increase
sedimentation rates in some cases (Burns, 1970; Megahan, 1972).
However, more research is needed to define the basic sedimentation
processes and factors before adequate assessments of man's impacts
can be determined on a broad basis.

This péper presents the results of a study of the suspendéd
sediment regimes for two small mountain watersheds located in
Orcgon's Coast Range. Suspended sediment concentrations in these
kirnds of watersheds are typically variable over short time spans.
In-channel sources of fine sediment, particularly sediment stored
in the bed gravels of armored stream segments, m:ty be a major

factor influencing the sedimaont regimes of these watersheds.



The primary obj.ective of the study was to characterize the
temporal variability in suspended sediment concentration on the two
watersheds. In addition, nephelometric and gravimetric sampling
procedures and the potential contributions of in-channel sources of
suspended sediment were evaluated on the Oak Creek watershed.

r]li‘he temporal variability in suspended sediment concentration
during storm events and on a seasona.l basis was determined using
intensive automatic and maﬁual sampling procedures. Sieve analysis
of bed material composition and channel profile measurements were
utilized to define the potential availability of suspendable mater.ial
within the channel systems.

It was found that:

(1) Stream bed gravels are a significant potential source area of
suspendable material.

(2) A decline in the susp-ended sediment concentration in the stream
channel at a given flow occurs during the falling stage of
individual runoff events and with successive events over the
winter runoff season. This phenomenon can best be described
as a flushing process, where the depletion of suspendable sedi-
ments may be associated with the successive release and cap-
turle of fine material by the bed armor layer,

(3) Sarhpling of sediment concentration did not appear to be sig-
nificantly influenced by horizontal concentration gradients.

However, vertical concentration gradients, particularly in



(4)

the transition zone between suspended load and bed load, did
prove to be significant.

Basic soils and geomorphic parameters provided useful

indexes for comparing the sediment regimes of these water-

sheds.
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THE SUSPENDED SEDIMENT REGIMES OF TWO SMALL
STREAMS IN OREGON'S COAST RANGE

. INTRODUCTION

The Oregon Coast Range is a region of abundant timber and
fishery resources. As a result, this area is a major source of raw
material for the nation's wood products industry. Studies in other
areas have shown that sedimentation rates are often changed as a
result of timber harvesting activities (Anderson, 1971; Megahan,
1972) and that exce;sive sediment production in streams can have
adverse effects on various water uses. The detrimental effects of
increased sedimentation to valuable anadrorﬁous fisheries is of
major concern in Oregon's Coast Range, primarily because small
forested watershe‘ds are irh_oortant fish spawning and rearing areas.

Timber yarding activities, road construction, and fires have
been shown to be the major factors causing increased sediment pro-
duction on wildland watersheds (Leaf, 1955; Anderson, 1971, Brown
and Krygier, 1971). The steep topography and unstable soils found
in much of the_Cogst Range make the problem of excessive stream
sedimentation pai‘ti cularly acute.

Sedimentation processes have a significant effect on the hydro-
logical and biological propertics of a stream. The amount, type, and

size of sediment entering and moving through a stream network has



marked effects on the channel configuration and flow properties of
the stream (Ackers, 1964; American Society of Civil Engiﬁeers
(ASCE), 19-71). Thé lower forms -of stream biota (algae, bacteria,
and invertebrates) rely oﬁ bank and bed sdbstrates for shelter and
as a source .of food. In turn, these lesser organisms are essential
to the food supply of fish, Streambed gravel interstices are
important in fish reproduction as areas for spawning and incubation
of eggs and as rearing habitat for young fry. The scouring of
channel substrates by sediment laden water and the clogging of bed
gravels by deposition of fine sediment particles can be detrimental
to the stream biota. The physical damage of aquatic organisms, and
the destruction of fish spawning and rearing areas has been attributed
to excessive sediment load§ in streams (Hollis, 1964; Burns, 1970).
However, before the impacts of various land use practices on the
sediment regime and biota of a small stream can be assessed,
additional information on sediment transport processes is needed.
This study.investigates certain aspects of sediment transport
on two small forested watersheds in the Oregon Coast Range: the
Oak Creek and Flynn Creek watersheds. These were chosen pri-
marily because 6f. existing stream gaging facilities and the availa-
bility of background data on streamflow and sediment yield from
previous studies conducted at both sites. These watersheds are

believed to be representative of the small forested watersheds in



the area. This study was conducted between July, 1975 and April,

1977.

(1)

(2)

The objectives of this study are:

To characterize the in-channel spatial and temporal variability
in suspended sediment concentration at a single sampling
station on each study watershed.

To evaluate the applicability of gravimetric and nephlometric
sampling and measurement procedures on these watersheds.
To determine the potential coptributions of in-channel sedi-
ment source areas to the suspended sediment loads of these
streams,

To compare suspended sediment concentration data from Oak
Creek and Flynn Creek based on key watershed characteristics

(soils and geomorphology).



- LITERATURE REVIEW

Sedimentation Processes

Scdimentation can be described as a function of the following
processes: detachment, entrainment, transport, and deposition.
These processes are regulated by several watershed factors includ-
ing climate, vegetation, soils, fluvial geomorphology and land use.

Raindrop impact has been found to be the primary cause of soil
detachment (Mutchler and Young, 1975). The raindrop is also
responsible for the initial movement of small soil particles. Rain-
splash impact on an unprotected soil surface can weaken or break
bonds between particles in the soil matrix, Once separated, these
particles are cérried'short distances in a net downslope direction
by rainsplash .droplets’. These detached particles are deposited
directly into rills or onto interrill regions.. Rills can be thought of
as micro-strcam channels, which have formed by the concentration
of surface water. Interrill regions are characterized by a nearly
uniform micro-topography. When the infiltration rate of the soil is
excceded by the precipitation delivery rate, thin films or sheets of
water form in the interrill region. This water may then entrap
detached soil particles and move them into the rill system, thus

initiating the fluvial scdiment transport process.



Once the sediment particles have entered the rill system, they
begin a rapid downslope movement into larger rills, gullies,
ephemeral stream channels, and finally the main stream channel
system. Mutchler and Young (1975) have concluded that soil loss in
a rill system is primarily determined by the supply of soil particles
detached By raindrop impact. However, the erosicl)n of soil particles
by flowing water within the rill channel network is also an important
detachment pfc;cess.

Sediment 'tranéport in stream channel systems is an extremely
complex and poorly unders.tood process (ASCE, 1971). Three main
categories are used to describe the transpo.rt process: suspended
load, bed load, and saltation load. Suspended load is defined as all
matérial that is carried in suspension by the water mass. Bed load
is defined as all material that moves in partial or complete contact
with the channel bottom. Bed load movement can be described as
the sliding or roiling of particles along the channel bottom. A transi-~
tion state exists between what is considered suspended load transport
and that which is considered bed load transport. This phenomenon
is sometimes referred to as saltation load. Sediment particles
transported as s-altation load may be suspended in the water for short
periods of time, and either roll or bounce along the stream bed the
remaindecr of the time. Total sediment load is the combination of

bed load, suspended load and saltation load.



6
The me chanics of fluvial sediment transport involve interactions
between the fluid, the sediment particles and the channel boundaries.
- Sediment particle size, density and shape greatly influence the
transport process. Several indices are used as measures of these
properties, including standard fall velocity, fall diameter, and sedi-
ment shape factor (Guy, 1970).
| Fluid properties affecting transport include viscosity and
density. In addition, hydraulic properties of the stream system
(e.g. velocity gradients, hydraulic radii, water discharge and bed
shear forces) also influénce sediment transport in streams,  Trans-
port as suspended load is dependent on thé transfer of momentum
from the fluid to sediment parti.cles. A state of equilibrium is
.reached when the supporting forces (shear stress and bouyant
force) of the fluid equal the weight of the sediment particles in
suspension. Suspended sediment transport is a dynamic process.
Particles are constantly being transported upward by the water
currents and eddies, while at the same time settling and deposition .
is occurring (Colby, 1963; Guy, 1970). No universal relationships
have been developed to describe fluvial sediment transport, even
under steady state conditions (steady flow rates, and constant input
rates of sediment) in natural stream systemé. The uncertainties

related to turbulence and channcl boundary effects have been the
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principle obstacles in this endeavor (ASCE, 1971; Cooper, Peterson,
and Blench, 1972). |

Sediment deposition occurs when the pa.l; ticle fall velocity
exceeds the hydraulic liyfting forces of the Wéte r. Deposition may
occur very near thel_source in rills and interrill regions, or a con-
siderable distance away in stream channels, lakes, reservoirs, or
the ocean, |

A certain amount of parti;le sorting is associated with the
deposition process. The disﬁnct grading and layering of sediment
found in delta and reservoir deposits of large rivers illustrates the
occurrence of sorting. Small streams show only a slight degree of
particle sorting in bed deposits due to ti:he wide temporal and spacial
fluctuations in streamflow (Morisowa, 1968; Guy, 1970). Small
streams do, however, exlﬁbit a form of sorting called armoring
(Milhous and Klingeman, 1973). The armor layer of a stream bed
_consists of a layer of large gravels or cobbles overlaying a finer
textured rﬁatrix of sediments. The process of armor layer forma-
tion is not well understood., It is believed that the composition of
the armor layer does change periodically énd that this disturbance
of the armor layer occurs during large storm flows (Milhous and
Klingen&an, 1973). Interstices between armor particles act as
effective traps for fine suspended particles as they settle out of the

water column during receding flows. These fine particles can



later be released into the stream during high flows when the armor

layer again breaks up.

Major Factors Affecting Sedimentation Processes

In natural stream systems, all of the sedimentation processes
(detachment, entrainment, transport, and deposition) are at work
during rainfall or snowmelt periods. The actions and interactions
between these processes will vary greatly in time and space. Water-
shed climate, vegetétion, soils, géomorphology, and land use are
the major factors which cause this variability.

Precipitation provides the source of energy as well as the
water mc.dium for sediment transport processes. Therefore, cli-
mate is a primary factor in determining the hydrologic and sedi-
mentation characteristics of a watershed. The amount, ihtensity,
and distribution of precipitation on a watershed will greatly influence
runoff patterns, streamflow characteristics, erosion, and sediment
transport. rates (Guy, 1970). The seasonal distribution and form of
precipitation whether rain or snow can also be important. The effects
of long—tefm climatic trends and extreme climatic events, such as
droughts and floods, on sedimentation processes should also be
considered. For.example, the effe cts of extreme flood events have
been observed to affect the sediment yields from a watershed for

periods lasting several years after the event (Anderson, 1972).



Studics co-nducted on the Eel.River.by Brown and Ritter (1971) indi-
cated increascd sediment yields of 66% for a period of three years
following the 1964-65 floods, In addition, climate influences
erosion and sedimentation processes through its effects on végeta—
.tion and soil development,

Vegetation type and density are important factors in many
erosion and sedimentation processes, Vegetation has a direct effect
on soil stability through the binding of soil aggregates by plant roots.
Plants also intercept precipitation, thus 1-éducing raindrop impact
at the soil surface. In addition, plants provide organic matter
which protects the soil surface from raindrop imvact and runoff and
acts as a binding agent for soil aggregates, Old plant root canals
provide macro-pores which can greatly increase soil infiltration
rates,

The underlying geologic strata and the associated soil matrix
of a watershed represent the source of fluvial sediment, The
resistance of small soil aggregates or individual soil particles to
displacement is partly dependent on the nature and strength of
organic and inorganic constituents binding the soil parficles, For
example, a fine textured clay soil developed in a humid climate,
under dense vegetation, will generally have a much greater resist-
ance to erosion than a granitic soil developed under an arid climate,

The chemical binding of clay minerals and the binding of soil
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agoregates by organic matter is responsible for the greater erosion
resistance of the clay soil. Particle size arrangement and geometry
also play important roles in erosion resistance. The interlocking of
soil particles is the most important force resisting particle detach-
ment in sandy or siity soils‘, Another aspect of erosion resistance
is the role of particle aggl;egates in affecting the surface infiltration
rate, The breakdown of surface soil aggregates by raindrop impact
and the resulting sealing of surface pores effectively stops the
transmission of water through the éoil profile. The resulting
increase in overland flow can then increase the rate of detachment
of surface soil particles.

Thé geomorphology of a watershed has significant influences
on sedimentation through hillslope and stream channel characteristics.
The process of surface erosion as described by Mutchler and Young
(1975) is affgcted by such landform factors as slope length, slope
steepness and surface texture (Foster and Meyer, 1975).

The downslope movement of large soil masses by gravitational
forces is a major contributor of sediments from hillslope sources.
This process is particularly predominant in areas of steep topography.
Several types of mass .soil movement (soil creep, slumps, debris
avalanches, earth flows) are described by Swanston and Swanson

(1976). The angle of repose, and the makeup and orientation of soil
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and rock strata have a key role in determining amounts of sediment
loading from these hillslope sources.

Stream channel morphology influences sediment detachment
processes as well as transport rates. The scourings of the stream
channél bed and bank, and the upslope extension of the stream
channel can provide a major source of sediment. The stream also
controls the rate of sediment transport-by adjusting its channel
dimensions and changing its channel gradient.

Guy (1970) and Anderson (1971) have presented discussions on
the effects of site condition on erosion and sedimentation. In southern
California, Anderson (1971) obtained the following information on
the relative increases in sediment yield per unit area for logging:

25 times, fire 46 times, roads 50 tim.es the normal surface erosion
rate. Megahan (1972) has also studied the effects of loggingb and fire
on sediment produ;tion in the Idaho Batholith Region. Megahan found
that road related surface erosion in logged watersheds increased
sediment yiélds 220 timeé over that measured on similar undisturbed
watersheds in the same area. Megahan estimated that the actual
timber harvesting operation (felling and skidding) increased sediment
production by a factor of 1.6 over background ievels.

Brown and Krygier (1971) studied the in'lpa.ct.s of logging and
slash treatment procedures on three small watersheds in the Alsea

River basin. Their results show the greatest source of sediment
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from the logged watersheds was assbciated with the logging roads,
although slash bu-l'ning on the clearcut watershed, Needle Branch, did
increase sediment production significantly. The burn was very hot
and this was believed to have been a major factor in influencing the
accelerated erosion rates. From these studies it can be concluded
that land use activities are significant factors in determining the

source and amounts of sediment delivered to a stream,

Measurement and Analysis of Fluvial Sediment

Sampling methodology and measurement procedures are two
important considerations il;l sedimentation studies., First, in order
to obtain representative values for various sediment parameters
(sediment concentrations, transport rates) we need to be concerned
with where, how many, how, and Whén samples should be taken.
Secondly, standardized measurement procedures must also be

followed in order to obtain accurate values.

Sampling Methodology

Sampling site location must be the first consideration., It
should meet several basic criteria. The site must be representative
of the flow and sediment conditions of the area being studied. The
hydrologic conditions at the sampling site must remain fairly con-

stant over the study period. The number of samples that need to be
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taken for a representative sample will depend on the specific site
conditions. By comparing different frequencies of sampling, and
various numbers of sampling cross sections an optimum sampling
scheme can Be found. This should result in the required precision
with_ the least amount of expenditure (Porterfield, 1972).

The available typeé of sampling equipment are discussed in
détail by Guy and Norman (1970). The overriding consideration in
evaluating the effectiveness of sediment sampling equipment is that
it should cause minimal disturbance ofy the. flow velocity at the intake
(Federal Interagency Work Group (FIWG), 1972). Due to.the differ-
ence in densities of water and sediment, suspended sediment par-
ticles from the flow can occur when the water velocity changes.

This separation can occur ''. . .quite rapidly in the 0.06 mm or
greater particle ranges' (FIWG, 1972). The merits of manual and
automatic sampling also should be considered, Manual samples are
the most accurate and can be used to evaluate the horizontal and
vertical variability of sediment concentration in a stream. Howe-\.rer;
in monitoring small streams where changes in sediment loads are
extreme and rapid, automatic sampling systems are often required
(FIWG, 1972).

Most automatic systems collect point samples. In order to
obtain representative results they mugt be calibrated using a number

of manual hand samples. !'The correlation coefficient and sampling
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efficiency are highest for the sediment fraction finex than 0.05 mm?"
and ". . .for the-sédiment fraction.coarser than 0.2 mm, random
errors usually are excessive" (FIWG, 1972, p. III-27). Fredriksen
(1969), Bennett (1973), and Yorke (1976) present detailed descriptions
of pumping safnpler applications. Yorke believes that with proper
installation, design, and maintenance pumping samplers will provide
réliable'results for 90% of the storms evaluaf:ed. He states that
pumping samplers compared favorably with DH 48 samplers at all
installations except during certain.low flow events.

Horizonta.l and vertical velocity profiles result in some degree.
of segregation of tﬁé suspended sediment ioad within the stream
channel. In most cases particles in the silt and clay size ranges
can be assumed to be uniformly distributed in the water column.
However, the concentration gradients of particles in the sand range
0.1 mm or greater have been shown to be much more variable (Guy
and Norman, 1970). Generally these particles are transported near
the stream bed. They are heavier and it is difficult for turbulent
eddy currcnts to keep.them in suspension. Colby (1964) has shown
the ratio of mean stream velocity squared, divided by-mean stream
depth, closely defined the variability enc.ountered in sampling differ-
ent vertical stream sections. This 1'elatioﬁship was developed
further to include the effects of the percentage quantity of sand

2
carried in the suspended load. A nomograph that relates V /D
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(i.e., velocity squared divided by particle dianle.ter), percent sand
in the sediment lbad and percent maximum accéptable standard
é1'ror, to the number of required sampling verticals, is presented in
Guy and Norman (1970). The location of these sampling intervals
must be determined. Guy and Norman describe two general proce-
dures, normally used to account for horizontal sediment coﬁcentra—
tion gradients; the eqﬁal tr.ansit rate method and the equal dis‘charge
method. The goal of both methods is to obtain a composite sample
that will account for the variation in discharge occurring across a
_channel.

The time.of sampling is another factor that needs to be con-
sidered (Guy, 1970; i?’orterfield, 1972). Seasonal runoff trend.s
should be considered in determining when to sample. The spring
snowmelt season, and the heavy winter and spring precipitation
events are the most critical periods for sediment transport in
temperate regions. Summer thunderstorms are usually responsible
for triggering flood event.s in arid regions. Hydrograph response
characteristics such as duration and peakedness should be prime
factors in selecting sampling timing and frequencies. Generally, a
relatively large number of samples is desired on the rising limb of
the hydrograph as compared to the falling limb.

The adequacy of previous sampling coverage for the watershed

is another consideration., If a reliable sediment-discharge rating
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system has been develOped.for a watershed, oﬁly one or two samples
near the hydrograph peak may be required to estimate sediment
loads., The characteristics of the basin also need to be considered
in a sampling 5Chcn‘.¢c. If crratic storm natterns, heterogeneous
soils and geology, or varied land use iméacts are found within the
drainage basin, a felatively elaborate sampling scheme should be
considered. The accuracy and type of inforr.nation that is reciuired
by the investigator to meet the study objectives should also influence

sampling design criteria.

Measurement Procedures

The measurement procedures used to determine sediment
concentrations can also affect the accuracy of results. Both direct
and indirect measurements have beén routinely applied in sedimenta-
tion studies. The analysis and interpretation of these measurements
has led to several means of attempting to predict certain aspects of
sedimentation phenomena. The se. predictive methods have been
derived using theoretical, empirical and mathematical modeling
approaches.

The direct fneasures of sediment concentrations are made by
either filtration or evaporation.techniques; These procedﬁres are
described in Standard Methods (American Public Health Association

(APHA), 1975) and Recommended Methods for Water Data
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Acquisition (FIWG, 1972). Direct measures are inherently the most
accurate, but often require considerable time and expense to per-
form.

Indirect measurements of sediment c_oncentrations are usually
based upon the optical properties of sediment particles in a suspen-
sion, Turbidity is a non-technical term that has been used to
describe a variety of conditions relating to the optical properties
of a suspension. Ritter and Ott (1974) list three generally
encountered definitions of turbidity: ''a measure of light scattering
or transmittance in a suspension, a reduction in water transparency,
and an unclear or cloudy condition of water." Gibbs (1974) identified
six major factors affecting the traﬁsmission of light through a
suspension and the relative magnitudes of these effects. These are:
dissolved material, 5%; the concentration of solid particles, 35%;
the index of refraction, 10%; the shape of the material, 11%; the
color of solids, 3%; and the size distribution of solid materials, 35%.

Instruments that are being used for turbidity measurements
fall into two general categories; transmissometers and nephelo-
meters. ‘Transmissometry mecasures the transmission of light
through a-solution. Nephelometry measures the scattering of light,
at a 900 angle from a light source, by-the particles in éuspe'nsion.
Unfortunately, these two types ofl measures respond differently to the

factors discussed by Gibbs, and thercfore are not directly
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comparable. Even specific types of instrumentation (e.g., nephelo-
meters) are not directly comparable because of nonuniform design
specifications and light sources., A national turbidity workshop
(National Oceanograph Instrumentation Center (NOIC), 1974, p. 8)
conciuded the following about turbidity instrumentation:

Instrument to instrument comparison may be possible if

the necessary optical characteristics of the instruments

are kncwn and a scattering transfer standard or standards
can be defined together with appropriate calibration pro-
cedures. For scattering instruments, the angle of meas-
urement together with the size and shape of the optical
beams and the scattering voiume need to be specified as well

as the spectral distribution of the energy utilized in the
measurement.

From these examples it becomels clear that standardized measure-
ment aﬁd calibratioﬁ procedures, relatively homogeneous sedir.nent
characteristics, and clear definitions of the type of turbidity meas-
urement applied are necessary to obtain accurate and reproducible
determinations of sediment concentrations using indirect measure-
ment techniques.

The applications of turbidity measurement to define sediment
concentrations in natural waters has recently been attracting con-
siderable attention. .The principal reason for this interestis the
recent enactment of federai wa.ter guality regulations which require
the measurement of turbidity as a water quality index (Koeppen,
1974). Ritter and Ott (1974) have reviewed the results of several

studies conducted by the USDI Geological Survey to determine the



19
the relationship between turbidity and suspended sedimeﬁt concen-
tration (SSC). Studies conducted on th¢ Eel River (Brown and Ritter,
1971) found that a2 consistent relationship between turbidity and SSC
did exist for individual sampling sites, but this relationship was
different between sites. Another study on the Mad River showed a; |
fairly -consistent relationship between sediment concentration and
turbidity existed throughout the basin (Brown, 1973). The amount
of sand in transport was believed to be ther primary reason for the
variability between sampling sites. Since sand-sized particles
have a smaller surface area per unit weight than silt or clay par-
ticles, sand can be expected to give lower turbidity readings for a
given concentration value. A consistent relationship between
turbidity and sediment concentration has also been found by Kunkle
and Comer (1971) in a small Vermont stream. The implications of
using indirect measurement techniques for determining suspended
sediment concentration can be summarized as follows.

1.. Turbidity-SSC relationships can usually be determined for
individual basins.

2. No u-niversaL turbidity-SSC relationship exists today, because
of the variability introduced by the widely different charac-

teristics found between watersheds and the instruments used.



20

Prediction Techniques

Theoretical Techniques

Theoretical approaches have been widely used in attempts to
explain and predict fluvial sedimentation processes. Lawson and
O'Neill (1975) give a.summary of basic hydraulic parameters which
have been considered by theoretical researchers. | These par.;:t-
meters include the following: velocity dynarﬁics, characterized by
the FFroude Number; laminar and turbulent flow comnonents, charac-
terized by the Reynolds Nﬁmber; the Chezy-Manning formulas as
expressions of hydraulic energy gradients as a function of mean
velocity; and the shearing forces exerted as the fluid interfaces,
described by a tractive force equation. Severai predictive relation-
ships for bed material discharge (Shields, Duboys, Einstein, Meyer-
Peter, and many other formulas) have been developed. Lawson and
O'Neill conclude that ". . .the large range of variables encountered
in the field has meant that no successful universal sediment dis-
charge formula has been developed." Regarding the prediction of
suspended loads, they state: ''. . .Since the wash load material
supplied to a stream is invariably less than the sediment transport
capacity, equations of the type developed for bed material discharge
are inappropriate.' Suspended load concentrations are clearly more

dependent upon the supply of material available for transport,



C.ooper,' Peterson and Blench (1972) have reviewed existing experi-
mental results on sedimentation hydraulics and conclude that:
(1) the scope of many of the individual experiments is extrcmely
limited, and (2) cxperimental data are lacking for many possible
flow conditions. Many of the semi-empirical relationships results
in poor predictions for many of the natural stream flow regimes.
Another approach to sediment transport prediction has been recently
proposed by Yang (1972). Yang (1972, p. 1823) states:
. . .itis doubtful a unique functional relationship between
sediment discharge and the primary independent variables
discharge, velocity and shear stress exists. These rela-
tionships may exist only under specific conditions, These
conditions cannot be easily defined in the extremely complex
environment of natural stream systems.
Yang's approach is to treat the stream system as a unit and describe
its behavior using the potential energy status of the system as the

primary independent variable. Yang's basic relationship is described

by the following eqdation:

dz _ dx de
dt dt dx
where:
dz .
FTa stream power o1 the ratec change of potential energy
in the strcam,
%Xt— = the water flow velocity,
dz

. = the slope of the energy grade line.
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Unit stream power as defined by Yang (1972) ''. . .is the rate of
potential energy expenditure per unit weight of water.' He has
developed a seini—empirical relationship between stream power and
sediment transport rates, A comparison made between sediment
and discharge data collected from several midwestern rivers, and
the predicted values from the stream power and several other semi-
empirical equations, demonstrated the stream power results to be

the most highly correlated to the data (Yang, 1972).

Empirical Techniques

The dircct long-term measurement of sediment loads is
undoubtedly the best meéﬁs we have of defining sedimentation pro-
cesses in a watershed. This method is impractical for most
applicétions, therefore several approaches have been utilized to
estimate sedimentation rates based on limited amounts of data
(Gottschalk, 1957). For example, sampling of sediment deposition
in reservoirs can give useful information on annual sediment yield
in an area. The sediment yield data obtained from monitored water-
sheds are often used to estimate sediment yields on nearby unmoni-
tored watersheds with similar characteristics. However, the
availability of such information is limited and no two waters.heds
can be expectea to behave exactly alike,

The information obtained from detailed sedimentation studies

has been used to derive empirical relationships between sedimentation
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processes and watershed characteristics (Hansen, 1966; Flaxman,
1975; Renfro, 1975.). These relationships can then be used to pre-~
dict sediment yields given a- specific set of watershed c;)nditions.

The development of regression equations relating sediment
yields fo several different watershed parameters has been widely used
on small western watersheds. Hansen (1966) deveIOped predictive
relationships for sediment concentration on several small central
Arizona watersheds using stream discharge and vegetative cover as
independent variables. He found a reasonably accurate sediment-
discharge rating curve could be defined for each distinct cover type
on his study watersheds.

Hindall (1976) used a similar approach to develop a predictive
equation for suspencied sediment yields in five geographic provinces
in Wisconsin. Some of the variables used in his analysis include
drainage area, average discharge, flood runoff, channel slope,
channel. length, a vegetative cover index, a soil index, and a
precipitation~-intensity index. Flaxman (1975) presented a simple

regression equation for evaluation of sediment yield in western

streams:
Y = ax™
where:
Y = sediment concentration in mg/l,

X = discharge in Et3/sec,
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a and m = constants,

He assigns different exponential values to streams which fall into
certain sediment source area classes. Flaxmaﬁ's approach has very
broad applications; however, a large degree of predictive accdracy
is consequently sacrificed,

Another widely used empirical approach for prediction of
sediment yields is that of soil loss determinations and sediment
delivery ratios. This method attempts to estimate the gross surface
erosion from a hillslope area and to predict the relati%re amounts of
this material that are actually transported past a fixed point in a
given amount of time. Renfro (1975) discusses how this method is
used by the Soil Conservation Service in their studies: gross
erosion is calculated using the universal soil loss equation for
surface erosion along with surveys of channels, gullies, and road cuts
to determine average erosion losses from these sources. He lists
several pa'rameters, including sediment sources, magnitude and
proximity to stream channels, channel forn.l, sediment texture,
depositional area, drainage area, channel density, and relief-length
ratio as being the major f:a‘ctors influencing sediment delivery ratios.

Hadley and Shown (1976) give qualitative evidence showing the
importance of stream channel characteristics, land form features,‘
and flood plain development in determining .the conveyance. rate or

delivery of sediment for several small watersheds in Wyoming and
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Colorado. They conclude that a major problem in applying the
delivery ratio approach is the difficulty in obtaining reliable informa-
tion on sediment sources,

Road construction has been singled out as the principal er'osionr
and sedimentatioﬁ problem on forested lands (Brown and Krygier,
1971; Megahan, 1972; Anderson, 1974). Megahan (1974) has pro-
posed an eméirical model to describe the time trends of erosion
following forest road construction. -Leaf (1974) has modified this
equation to determine a. predictive relationship for the delivery of

this sediment to the stream system.

Modeling Techniques

Modeling has been the third basic approach ap‘plied to sediment
prediction. Modeling requires a simplificatioﬂ of natﬁral erosion
and sedimentation processes so that they can be described mathe-

' méticaily. These processes can then be simulated on a digital
computer. Given a certain dmount of information on the watershed's
hydrologic parameters, the computer model can be used to predict
sediment yields, tran.sport rates and delivery ratios of the stream.
The Stanférd Watershed and Sediment Model represents a lumped
parameter model capable of generating this type of information.

However, extensive field data are generally required for calibration
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of such a model (Laiv_son and O'Neill, 1975). A difficulty arises
where wétershed modifications such as changes in land use occur.

Modeclers have found it useful to divide erosion and sedimenta~
tion processes into an upland phase and an in- chanﬁel phase. Some
approaches to modeling upland erosional processes are described by
Meyer, Foster, and Romkens (1975) and Foster and Meyer (19755.
Their model is based on fundamental erosion mechanics and includes
such factors as soil rilling, slope length, slope steepness and
surface cover. They believe that the method has the '"potential! for
describing erosion and deposition at any point in time or space.

The approache-s for modeling in-channel sediment transport are
gencrally closcly related to streamflow modeling efforts. Holton, -
Yen, and Comer (1975) di;cuss the application of the USDAHL
Model of_ Watershed Hydrology and the Three-Tube Model of Flood
Routing to sediment transport phenomena. These models use"
several parameters including overland flow, infiltration, and evapo-
transpiration to predict storm hydrographs and water routing in a
drainage.system, It is hoped that a sediment transport component
can be integrated into these models. The modeling approach to
sediment transport is in its infancy. However, reliable results from
and practical applications of these techniques are expedted in the

near future (Fleming, 1975).
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 WATERSHED CHARACTERISTICS

Both study watersheds are located in the central portion of the
Oregon Coast Range. The Oak Creek watershed is located in the
McDonald Forest, 11 km northwest of Corvallis, Oregon, and is
managed by the School of Forestry, Orego.n State University
(Figure 1). Tl'.le Flynn Creek watershed is located about 1 km
southeast of Toledo, Oregon in the Alsea River basin and is within
the .pr'otection boundaries of the Siuslaw National Forest (Figure 2}).

Thé climate at both sites is a marine type, characteristically
having warm, dry summers and cool, wet winters, Annual pre-
CipitatiOl‘ll avcrag;es 230 cm at Flynn Creek and 150 cm at Oak Creek.
The majority of the precipitation (60%) occurs between Névember
and February. Most of the winter stream freshets occ-ur during this
time, Snowfall in the region is light and any accumulations of snow
on the ground last for only a few days. The storm patterns in the
area are greatly influenced by the coastal mountains. Therefore,
precipitation amounts and intensities for a given storm can vary
appre ciébly within a watershed and between water sheds,

Both basins .are densely forested with 100 to 200 year old

timber, Douglas-fir (Pseudotsuga menziesii) and western red cedar

(Thuja plicata) being the principal species found on the uplands, and

Oregon white oak (Quercus garryana), red alder (Alnus rubra), and
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Figure 1. Location of the Oak Creek study
site nea1- Corvallis, Oregon.
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Figuve 2. Location of the Flynn Creek
study site approximately 16 km
southeast of Toledo, Oregon.
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bigleaf maple (Acer macrophyllum) making up the majority of the

species growing along the stream channels. Minor tree species
include western hemlock and Oregon ash., The understory vegeta-
tion of Oak Creek conéisfs of bracken fern, blackberry, snowberry,
and poison oak. The understory vegetation of Flynn Creekb inciudes
vine maple, salal, swordfern, and salmonberry. _ Several varieties
of perennial grasses have be cqrﬁe established on some of the dry
valley bottom areas. This is also true of several upland areas on
Oak Creek where the regeneration of old c.ut—over units was severely
inhibited by droughty site conditions during the summer.

Flynn Creek is an important spawning stream for anadromous
fish and is tfibutary to the Alsca River, a major fishery in the Pacific
Northwest. The species of major impoftance are coho salmon,
sea-run cutthroat trout and steelhead trout (Moring, 1975). .

Oak Creek is part of the Mary's River drainage system. In
contrast to Flynn Creek, itis of negligible importance from an
anadromous fisheries standpoint.

The entire Flynn Creek watershed is located on an area of
sandstone substrata known as the Tyee Formation. Soils de.veloped
from this parent material belong to the Bohannon, Slickrock, and
Preacher Soi.l Series (Figure 3). The genesis of these soil types
was primarily influenced by variations in topographic relief (USDA,

1973). The watershed area is 202 ha and ranges in elevation from
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Stream course: -----
Scale; 1 cm= 0.2 km

Pr = Preacher Soils Series
B = Bohannon Soils Series
S = Slickrock Soil Scvies

Figure 3. Major soil series for the Flynn Creek watershed
(adapted from the Alsea Area Soil Survey, USDA,
1973).
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183 to 396 m. Total stream length is approximately 1,433 m.
Average summer depth of the mainstem of Flynn Creek is 13 cm
and the average width is 1.74 m (Moring, 1975). The stream gradient
on the main channel of Flynn Creek is relatively gentle, averaging
0.03 to 0.04 ni-m"1 (Figure 4). The valley narrows to a few tens of

meters approximately 300 m above the stream gage.

Figure 4. A typical channel section on the mainstem
of Flynn Creek.

The stream channel in this 50 m segment has cut down to
bedrock, and has attained a steeper gradient relative to the rest of
the main channel. Above this point the valley widens and the stream
gradient once again becomes shallow. The valley bottom in this

area is comprised of large fluvial gravel deposits some of which are
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trapped behind large organic debris. The first and second order
channels, which have delive1'ed much of this material to the main
channel, can best be characterivzed as steep bedrock chutes. The
large sediment deposits along the main channel are apparently the
result of past mass soil movements at the headwaters of the small
tributa'ries.b The channel banks are, characteristically, 6.5 m in
height and slightly undercut around bends. Except in bedrock areas
the channel width is influenced by thick growths of alder, vine
maple, and salmonberry, whose roots help to bind the bank material,
Gravel bars are a common bed feature, particularly point bars at
channel meanders. The bed rné.terial cdnsists of an armor layer of
small sandstone cobbles 1 to 5 cm in diameter, overlaying a mixture
of gravel and sand size particles. This material is very friable and
can be broken up easily in the hand.

The Oak Creek watershed is located within the Marys Peak
Intrusion Formation. Bedrock is comprised of basalts which hav.e
been weathered into clay-loam soils. The major soil types in the
watershed are the Dixonville, Price-Ritner, and Jory Soil Series
(Figure 5). The watershed area is approximately 751 ha, and
ranges in elevation from 146 m at the gaging station to 664 m at the
watershed divide (Figure 6). Stream length is about 2900 m.
Average summer depth on the main branch varies from 10 cm in

riffles to 1 m in pools. Average channel width is 4 m on the main
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Legend

Stream course; -----
Scale; 1 cm= 0.2 kim
W = Witzel Soil Series
Pr = Price-Ritner Soil Series

= Jory Soil Series
D = Dixonville Soil Series

Figure 5. Major soil series of the Oak Creek watershed

(adapted from the Benton County Soil Survey, USDA,
1975).
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Figure 6. View of the Oak Creek watershed looking
south toward Corvallis.

branch and 3.5 m on the upstream channels. Channel gradientis
low on the main section (0.04 m-:m’ 1) and increases gradually to
0.08 m- 1rn—1 on second order channels, reaching a maximum of
0.24 m- nn_l on the small headwater tributaries. The main channel
along the lower portion of the watershed lies in a broad grass- and
tree-covered valley, Here the stream follows a basic pool-riffle
sequence with a slight amount of meandering. The channel banks
are steep, generally 0.3 to 2,0 m deep with moderate amounts of

undercutting evident at meanders (Figure 7).
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Figure 7. Typical channel segment on the mainstem
of Oak Creek.

Alder, bigleaf maple, vine maple, and other brushy species
play an important role in binding the fine textured bank material
and reducing bank cutting. Large volumes of gravel and cobbles
have been deposited behind natural debris dams, particularly along
the lower channel reaches. Large deposits of gravel also occur as
point bars. The upper channel reaches have been deeply incised.
This is evident on portions of the West Fork of Oak Creek where the
channel morphology resembles that of a gully system. There is
also a distinct lack of large cobbles, debris dams, and root wads
that could act as stabilizing influences. Large bank scarps of 3 m

in height are not uncommon.
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Several mass failures have contributed material to the
upland stream channels in the past. The majority of these slides
occurred in 1964 and have since been largeiy stabilized by vegetative
cover. ! The bed material in Oak Creek also exhibits armoring
(Figure 7). The size of the armor layer is highly variable ranging
from 8 cm diameter cobbles to gravel sized particles. The under-
laying material is a heterogeneous mixture of gravel, sand, 'éilt,

and clay size particles.

lPersonal communication, Marvin RoWley, Manager, McDonald
School Forest, 1975.
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METHODS

Measurement Procedures

A general ground reconnaissance of both watersheds was made
during the summers of 1975 a.nd 1976, Observations were made on
cover density, the location of unstable channel sections, areas of
landslide activity, the influence of road drainage installations on the
streams, thé frequency and location of large debris accumulétions,
and general channel morphologic characteristics. A detailed
topbgraphic map of McDonald Forest, scale 1:4800, was used to
determine gecomorphic parameters such as stream number, drainage
density, mean channel lcngth, and channel gradieﬁts for OCak Creek.
Many of the morphological parameters for Flynn Creek were
obtained from a USDA Forest Service enlargement of the USDI
Geological Survey, Toledo Quadrangle (map scale 1:62500). Addi-
tional information on Flynn Creek was obtainced from data én the
Alsea Watershed Study (Moring, 1975). Soils information was
derived from the Alsea Area and the Benton County Area soil
surveys (USDA, 1973, 1975).

Chénnél stability measurements were taken to determine the
average annual depth of scour and backfill of bed gravels at selected
channel sections in the two watersheds. Twelve channel stability

stations were established on the OCak Creek watershed, five on the
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main Qak Creek channel and the remainder on the East and West
Fork tributaries. Each station was marked by yellow pipes driven
into opposite srtream banks. Cross-sectional profiles of the channel
were determined by measuring the vertical distance from the stream
bed to a tape stretched between t\he two pipes. Heights were mea-
sured to the ncarest 0.003 m at intervals of 0.3 m across the
channél, The approximate distance between stations was 20 to 30 m
én the West Fork whereas a spacihg of 7 m was used for the five
stations located on the mainstem of Oak Creek. Scour chains were
placed in the bed gravels to a depth of approximately 0.8 m with a
portion of the trailer ieft above the surface. Three to four scour
chains were placéd at equally spaced intervals across the channel.
The scour chains were placed during the summer of 1975 and
remeasured the following summer. These measurements were used
to estimate the depth of scour and backfill that had occurred during
the winter period. The séme procedures were followed in the loca-
tion and measurement of profiles, scour and backfill on Flynn Creek.
The Flynn Creek stations were located upstream from the gaging
station, and were spaced at 4 m intervals.

Bed composition measurements were used to obtain an estimate
of fine sediment storage in the bed gravels. The samples were
taken during low flows in September of 1976 from dry grave'l bars

that are normally well below the water level during the winter months.
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A total of four samples was collected from tlﬁe main channel of each
stream by imbedding a 20 cm diameter cylinder approximately 10 'cm
into the bed gr.avels. The bed material was then removed from the
inside of the container and resulted in a sample volume of about
3000 cm3. The fine suspendable material was separated from bed
material samples by wet sieving through a no. 200 US Standard Sieve
(75 mm). Two subsamples were taken from this mixture, and
analyzed using the standard procedures for determining total filter--
able residue (APHA, 1975).

Two instruments were used in this study to collect samples
for laboratory analysis of suspended sediment concentration and
turbidjty. The majority of the samples were taken with the
Instrument Specialties Cqmpany (ISCO) Automatic Pumping Sampler.
Additional samples were taken with the DH 48 hand-held depth inte-
grating samipler (Inter-agency Committee on Water Resources,
1965).

The ISCO Model 1392 Pumping Sampler (Figure 8) is capable
of co.llecting a total of 28 discrete samples at intervals between 0.5
to 6 hours. A maximum of four composite samples can be taken for
each bottle, The sampler intake (Figure 9) at the Oak Cr.eek site was
atta-ched to the end of a steel pipe which is anchored by a metal
hinge to a foot bridge. The end of the pipe is bent at an angle roughly

parallel to the flow direction, thus minimizing the separation of flow
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Figure 8. The ISCO Model 1392 Automatic Pumping Sampler.

Figure 9. The ISCO intake, in position at Oak Creek.

ot
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around the intake nozzle. This arrangementis particularly effective
in reducing the clogging of the intake by leaves and twigs. It also
allows large debris to pass, thus protecting the intake nozzle and
tubing from damage or from being dislodged. During low flow, the
iﬁtal;e nozzle résfs on the concrete bed of the flume. At most of the
higher storm flows, the drég forces exerted by the water on the pipe
suspends the intake a few centimeters from the bed. The intéke at
Flynn Creek wa-S- located in the plunge pqol directly downstream of
the stream gaging weir. The nozzle was éuSpended approximately
0.5 m above the channel bottom.

"During the winter of 1975-76 the ISCO samplers were operated
on a continuous basis from October throu’gh April. Samplihg
occurred every two héurs, with three discrete samples combined to
make one composite sample. During storm events, when an opera-
tor was .'present, the ’sampling frequency and the number of discrete
safnples were increased. A sampling interval of 0.5 to 1 hour and
one sample per bottle was generally used. The resolution of some of
the wide-interval samples was found inadequaté, particularly on the
rising limb of very pe.aked storms. In a.ddition, it was found that no
measurable quantities of sediment were being transported between
storm events and thus the continuous operation of the pumping
samplers was not necessary. During the 1976-77 winter the samplers

were placed on a stage-activated system. A magnetic switch



42
attached to a float tape in the stilling well activated a relay switch,
which in turn activated the samplers. The incremental rise in stage
needed for activation could be changed manually. Once activated,
the sampler operated through the entire cycle of 28 bottles regard- |
less of the water level in the stilling well. A constant sampling
frequency of 0.5 hours with two samples per bottle was used in this
setup. This system greatly increased sample precision, and‘allowed
for easier data reduction. A schematic diagram of the switching
device is shown in Appendix A.

The DH 48 sediment sampler was used at both study sites
during several runoff events. Samples were taken at varying time
intervals on three equally spaced vertical stream segments using
the equal transitlrate method (Guy and Norman, 1970). These
measurements were designed to iﬁdicate variations in suspended
sediment concentration (SSC) across the channel and short-term
temporal variations (5 to 15 min) in the sampling cross section.

DH 48 samples were also taken in conjunction with the ISCO samples
to determine the representativeness of the pumping samplef system
for sampling at these sites.

Streamflow measurements for both watersheds Qere made at
permanent stream gaging stations. Concrete cilannel control struc-
tures had previously been installed at both sites: a rectangular flume

in Oak Creek and a broad crested V-notch weir in Flynn Creek.
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Velbcity measurements were determined directly b).r curi-ent meter-
ing. At Flynn Creek, the stage-discharge relationships used in this
.study were those developed by the USDI Geological Survey at the
same gaging station during the Alsea Watershed Study. Spot checks
made on this relationship indicated that the rating curve had not
changed significantly. Thé rating curve for Oak Creek was deter-
mined as pért of a concurrent study (Heinecke, 1976). A mOILe
detailed discussion of the standard stream gaging procedures used at
these sites can be found in Carter and Davidian (1968).

Both indirect and direct measures of sus pendéd sediment con-
centration were used in this study. An ihdirect measure of sediment
concentration (i.e. turbidity) was obtained using a Hach Model 2100A
‘nephelometer. All sediment samples were analyzed for turbidity in
the laboratory prior to the gravimetric analysis for SSC. The
standard procedures recommended in the Hach Laboratory Instru-
mentation Manual were followed (Hach Chemical .Company, 1973).
All readings were taken on the 0-100 ntu (nephelometric turbidity
units) scale using a 20 ml sample. Samples were thoroughly
agitated before each reading. For samples with a turbidity of greater
than 40 ntu, serial dilutions of 0.5, 0.1, and 0.05 were used to bring
the reading down into the 0 to 40 ntu range. An appropriate dilution
factor wés then applied to this rcading to obtain a turbidity value for

the undiluted sample. This approach is required to reduce
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significant backscattering errors that occur at concentrations greater
than 40 ntu (APHA, 1975).

The ISCO and DH 48 water samples were analyzed for SSC
directly by using standard gravimetric-filtration procedures for
filterable residues (APHA, 1975). Watman (FFGC) 7 cm diameter
filters were to facilitate rapid: filtrétion of the samples. Multiple
samples were run on a manifold filtration apparatus. A samg;le
volume of 150 ml was nérmally used.

The filtrant was weighed in aluminum drying pans. The tare
weights for each pan and the filter were subtracted from the gross
weight to obt;ain a net weight for suspended solids. An average tare
Weight for the filter paper was calculatcd from random samples of

filter s taken from each box of filters.

Data Analysis Techniques

Cross-sectional charinei profiles were measured during two
‘consecutive summers on both watersheds. These profiles provide an
index of stream channel disturbance (scour or deposition of sedi-
ment) on an annual basis.

The mass of fine sediment per unit area of stream channel was
determined from samples of bed material. It should be emphasized
that these values represent an annual estimate of channel scour, |

deposition, and fine sediment storage. They do not account for
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short term variations in these parameters. The sediment storage
values, combined with the estimated channel scour and width informa-
tion from the proﬁle stationé, provided an approximation of the total
mass of fine sediment (kg) available for transport within both streams.

Stream discharge (Q) waé chosen as the principal independent
variable in the analysis of temporal SSC variability. It was believed
to be the parameter most highly correlat.ed to SSC which could be
measured with relative ease. Other independent Val'iablés were
generated from the discharge values, inclﬁding the cumulative
discharge (ZQ), defined as the cumulati-ve sum of discharge values
measured at the time a sediment sample was obtained and the rate
change in discharge (dQ/dt). Values of stream étage were taken from
the anaiog water-level chart at half-hour intervals. Discharge
values were then generated within the computer using stage-discharge
rafing equaﬁons developed for each measurement station,

The dependent variables used in the analysis were suspended
sediment concentration (SSC), mzasured in milligrams of sediment
per milliliter of water (mg'l— ), cumulative suspended sediment
yield (2 SSY) measured in kilograms of sediment (kg), and turbidity
(T) measured in nephelometric turbidity.u_nits (ntu). Both turbidity
and sediment concentration have been widely used for expressing
the amount of particulate matter in suspension. SSC is a direct

measurement of the mass of particulates in suspension while T is a
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measurement of the optical properties of these particulates in
suSpensioh. Although SSC and T are not the same, they are often
positively corrclated. Both simple and multiple-variable linear
regressions equations were developed in this analysis. Forward
selection and backstep procedures were used to develop the multiple
regression equations (Draper a-nd Smith, lC)'66; Guthrie, Avery and
Avery, 1974).

The significance of individual inde pendent variables was
determined from the Student's t distribution. The significance of the
overall regression equation was determined from the F distribution
of the following ratio: mean sum of squarés regression vs. mean

sum of squares residual (Draper and Smith, 1966). Alltand F tests

were carried out at the 95% confidence level (935% CL).
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RESULTS AND DISCUSSION

Laboratory Analysis of Suspended
Sedimant Samples

Bc')t;h a direct and an indirect means of measuring sediment
concentrations were utilized. The standard fil.tration-weighing pro-
cedures, .the direct means of determining SSC, was evaluated.using
split samples. No significant difference between the first or second-
subsamples was found, based on a two-sample comparison. This
indicates that through agitation prior to removing subsamples
resulted in a fairly uniform distribution of the particles in suspension.
The overall precision of this measurement procedure was evaluated
by a confidence interval estimate of the two subsample means
'(Petersen, 1973). The estimate of the true mean at the 95% con-
fidence level was between -3.9 and 7. 6 mg/l of the sample means.
This error can be attributed to variations in estimated filter tare
weights, and in the weighing procedures. An analysis of filter
paper tare weights shows a mean coefficient of variation of 5%
(Peter's.en,. .1973). Small errors associated with absorption of
atmospheric moisture by the filtrant during weighing could not be
evaluated quan-titatively. As mentioned previously errors related to
settling of the suspension did not appear to be significant. The

overall effects of these measurement errors would obviously have
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the greatest‘affe ct on samples with low concentration (20 mg/l_1 or
less), due to the poor resolution of the procedure at these levels.
Turbidity, an indirect measure of suspended sediment concentration,
was also evaluated. Figure 10 is a pl.ot of SSC vs. T fitted using a
-least squares régreséion procedure.

In this case, the turbidity samples were diluted so that they
fell within tlﬁe 35-40 ntu range and a dilution factor was appliéd to
obtain a turbidity estimate, This procedure is required to reduce the
effect of backs.cattering at the highér sedixﬁent concentrations.
Figui-e 11 shows that the SSC-T relationship is a curvilinear function
when no dilutions are made.

Spatial Variability of Su spended Sediment
Concentrations at Oak Creek

Sampling the spatial val;iation in suspended sediment concen- |
tration was a necessary prerequisite in order to define temporal
variability, one of the primary objectives of this study. Analysis of
horizontai and vertical distributions of sediment concentration were
utilized to determine the spatial variability,

It was suspected that turbulent flow patterns through the gaging
section tend to reduce horizontal gradations in sediment concentra-
tions; the influences of turbulent eddy currents tend to randomly
disperse the suspended load across a channel., The relétively small

particles (silt and clay size ranges) which make up the majority of
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the suspended load éhould therefore not be greatly affected by hori-
zontal velocity gradients. A comparison of mean suspended sedi-
ment concentration for samples taken at the center and the sides of
the stream cross section showed no significant difference (95% CL)
with 18 degrees of freedom (df). Variation about the group samvple
mean from the true mean of + 7% was derived for .the data using a
nomograph described by Guy and Norman (1970).

The results of the ISCO and DH 48 cohﬁparison indicate that
vertical stratification of the suspended loaa is taking place in the
stream., A two-sample comparison between simultaneous ISCO and
DH 48 samples showed a significant difference betwéen the two samp-
ling tgchniqucs.. An estimate of the confidence interval of these data
showed the concenfratibn of ISCO samples varied 8 to 45 rng/fl
greater than the DH 48 concentrations. The DH 48 samples are an
integrated value of the vertical sediment concentration gradient, The
ISCO sampling intake was located Withi.n a few centimeters of the
ghannel bed undef most flow conditions. A similar comparison
between the two instruments showed that there was no significant
difference between the two instruments when sediment concentrations
were under 54 mg/lfl (14 df). Sample comparisons above are based

on the techniques illustrated by Petersen (1973).
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Temporal Variability in the Suspended Sediment
Regimes of Oak and Flynn Creeks

The influence of concentration variability over very short time
spans was investigéted. Two groups of samples were taken at
5 minute intervals over a period of 20 to 30 minutes to determine if
short-term pulses of sediment were affecting the results, The data
showed no significant variations that are not attributable to th'e'
random sampling error of 7% (Guyland Norman, 1970).

The primary objective of this study ;:vas to characterize the
temporal variability in the suspended sediment regimes of Oak and
Flynn creeks. A detailed analysis was made from data collected on
Oak Creek. Measurable sediment yields from Flynn Creek occurred
primarily during one large storm within the study period. Only a
limited number of‘ sediment samples was obtained for this event,
These were not sufficient for carrying out an in-depth analysis.

Sediment concentration measurements must be correlated to
one or more watershed factors or parameters before any meaningful
information can be obtained from them. Several empi_rica.l relation-
ships involving a number of various hydrologic factors have been
illustrated in the literature (Hansen, 1966; Flaxman, 1975; Hindall,
1976). In this study, sediment concentrations and yields were
related to one of the most basic hydrologic parameters, stream

discharge. This approach has been one of the most widely used
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means for sediment predictions. The sediment-discharge rating
curv.e method is the standard procedure used by the USDI Geologic
Survey in predictions of sediment discharge for i-iver and stream
‘ne tworks (.Porterfield, 1972). .I—Ioweve'r, studies conducted on small
watersheds in the Oregon Coast Range have shown that a simple
SSC vs. Q relationship is unreliable in characterizing sediment
yields for these types of streams (Williams, 1964; Brown an(i
Krygier, 1971; Brown, 1972; Morin.g, 1975). Results of SSC vs. Q
’meaSurements compiled during the 1976 water year for Oak Creek
seem to support this conclusion (Figure 12). The equation for the
fitted regression line (Oak Creék storms 1-6 combined) is illus-
trated in Table 1. Although the regression is statistically significant
it is nevertheless characterized by a large amount of scatter about
the regression line, Por.terfield (1972) points out that on many small
drainages the sediment concentration peak often precedes the hydro-
graph peak. If this phenomenon is occurring on OQak Creek, dividing
the data into rising limb and falling limb components should improve
the results, In Figures 13 and 14 the SSC vs. Q data are divided into
rising and falling limhs of the hydrograph, respectively. The rising
and falling limb regression equations (Table 1) were tested using the
extra sum of squares principle to determine if a significant difference
exists between the two regression equations (Draper and Smith, 1966),

Results of the analysis showed that the rising and falling regression
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é.quations are significantly diffcrent. These results indicate that a
simple sediment to discharge relationship for the entire runoff
season is not adequate to describe the suspended sediment transport
variability. .

A detailed look at sediment yields for individual storms may
provide a better indication of some of the sources of variation affect-
ing the anr.lual SSC to Q relationship (see Figure 15). For exémple,
decreases in sediment yield are evident for storms of comparable
peak discharges as the runoff season progresses (storms 1-6). In
fact, the relative magnitude’ o.f the peak discharge seems to have
little effect on the corresponding peak sediment concentrations
following the second major storm 2 in December. Another interest-
ing point is that sediment concéntration peaks slightly precede the
hydrograph peaks in most storms. This effect is particularly promi-
" nent in storm 1. These results are coﬂsistent with the idea that the
trans po.rt of .most loose séil and sediment particles will be initiated
~ during the rising limb of the storm hydrograph.

Milh-Ouse and Klingeman (1973) have concluded from previous
studies on Oak Creek, that channel bed disturbances exert a cc_)rll—
siderable influence on the stream's suspended sediment regime. In
their conceptual model of sediment transport, stable streambed
gravels have the capability to filter out fine sediment particles, and

store them for release at a later time,
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The release of fines from this storage reservoir is largely con-
trolled by the armor layer, In general, the grea.test disturbance of
the armor layer occurs on the rising limb of the hydrograph (Milhous
and Klingeman, 1973). This results in an initial pulse of high SSC
on the rising limb of the hydrograph as the armor layer disintegrates.
'Once the armor layer has reestablished itself near the peak of the
hydrograph, less fine material may be available for transport,
Once the stream has aljmored, secondary hydrograph pe.aks may be
associated with relatively lower sus pended sediment concentrations,
- Again referring to Figure 15, the storms with multiple peaks (storms
1, 3, 4, 5) do have much smaller sécondary suspended sediment
pcaks in proportion to their discharge than does the initial peak
discharge. This lends support to the hypothesis that in-channel
sediment sources have a major influence in this stream's sediment
r_egime. Porterfield (1972, p. 28)'rélates a pertinent example of how
two different streamflow regimes affe cted the sediment discharge
characteristics on the Rio Grande River. In his example, equal
volumes of water were released at the same rate on two separate
occasions where different initial flow conditions existed. Under low
initial flow conditions ', ., .the released water eroded sediment
from the bed and the banks of the stream and caused an initial
sediment pulse.' With high initial flow, Porterfield found '". ., ,the

change in stage and velocity is less and there is little or no additional
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erosion from the bed and banks of the stream by the initial increase
in flow.!" This example indicates how sediment peaks can be
influenced by the effects of previous. flow conditions and the removal
of sediment stored in t;he.chaimel.

A comparison of SSC to discharge variables for individual
storms is shown in Table 2. Three discharge-related, independent
Variable;, discharge (Q), cumulative discharge (£Q) and rate change
of discharge (dQ/dt), were used in developing the multivariable
regressions. The selection of '""best fit' regression equ.ations was
based on the 1-2 value (sum of squares due to regression divided by
the sum of squares about the mean for a multiple variable linear
regression), the number of significant variables, and the signifi-
cance of the overall regression equation. It should be noted that for
most storms the equations are quite different, Although statistically
significant relationships were obtained for all storms, the predictive
capability of these equations is low based on their low r2 values. The
least significant relationships are in storm numbers | and 4 where
the ratio of SSC to QQ is highest, The coefficients in equations 3 and |
5 are remarkably similar (Table 2). In comparing-the sediment
graphs and hydrographs of these storms (Figure 15), the hyd;ogfaphs
are of similar form and magnitude, and they have very similar SSC

responses,
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A comparison of storm hydrographs and sediment graphs in

- Figure 15 and the individual storm regression equations illustrated

several important relationships which can be summarized as follows:

(1)

(2)

- (3)

(4)

()

Decreases in sediment yield are evident for storms of com-
parable peak discharge as the runoff season progresses.
Sediment concentration peaks slightly precedé hydrograph
peaks in most storms.,

Secondary SSC peaks are much smaller in proportion to their Q
pe;ks on all storms with multiple hydrograph peaks.

The shape of the storm hydrographs seems to affect the SSC vs.
Q relationships; hydrographs that change rapidly have less pre-
dictable sediment concentrat'ions; those storms which produce
slowly changing hydrographs have more predictable sediment
concentrations.,

Hydrographs of similar shape have similar SSC to QQ relation-
ships.

When the sediment concentration data are further broken down

into rising and falling stages, a hysteresis effect becomes evident, as

shown in Figures 16 and 17. Hysteresis occurs when sediment con-

centrations at a given discharge are greater on the rising limb of the

hydrograph than on the falling limb. Note that the similarity in the

hydrographs for storms 3 and 5 (Figure 15) is also reflected by the

hysteresis curves in Figurc 16. The hysteresis effect for storm 2
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(Figure 17) is not as pronounced as in the other examples. Storm 2
has a very peaked hydrograph response, allowing a shorter period for
the flushing of fine sediment, The more pronounced hysteresis loops
for storms 3 and 5 may be associated with the relatively broad hydro-
graph response for these events. This allows for a longer period for
the flushing of fine sediments .from the channel and less available fine
sediment on the falling hydrograph limb. These storms also occurred
later in the year when there may be lower quantities of fine sediments
in the bed available for t.rans port.

Regres.sion equations of .selected storms for falling and rising
sections, and the combined hydrograph are presented in Table 3.
Dividing the hydrograph into two major components did improve the
SSC to discharge relationships for some storms judging from the
slightly h.igher _rZ values,

It is apparent that a generai .SSC.vs.. Q relationship cannot be
readily derived for small gravel bottom streams such as Oak Creek.
Even if multivariqble empirical relationships_ could be deri\}ed for the
suspended sediment regime of a stream, their applications would be
limited.. The difficulty and expense of obtaining enough data to define
such a relat ionshib would be a major problem. Also the relation-
éhips would probably not hold on other watersheds. The double mass
te chnique is an élternative analytical tool that is useful for studying

time trends in a relationship between two variables. The technique.
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tends to reduce the effect of variations due to individual measure-
ments by deriving cumulative values for each variable over a given
period. The cumulative value represents the incremental changes in
cach variable relative to the sum total of all p1-évious measurements.,
Double rﬁass analysis has been used successfu.lly. in several sedimenta-
ti;)n studies. For examplé, Guy (1964) used the technique to study
-trencis 1n sediment ;rield reiating to changing land use pat terné. Yorke
and Davis (1971) used the technique_ in their study of the effects of
.urbanization oﬁ sediment transport in a small Maryland stream,

Their results for cumulative sediment yield plotted agai_nst.cumula-
tive flow volume show a flat slopc- during ti'le construction phase,
indicating large amounts of sediment were released during the
construction period.

.Figure 18 is a double mass plot of cumulative suspended sedi-
ment yield (kg) vs., cumulative streamflow volume (m3), for the
major storm ecvents during the 1975-76 winter. The resultant

regression equation is as follows:

=SSY = 0.061 =V + 16202 ln =V - 145291
where:

2 SSY

1

cumulative sediment yield (kg),

zZV

cumulative streamflow volume (m3).
Both independent variables 3V and ln =V are significant at the 95.%

CL. Two important factors are indicated by this relationship. First,
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the stairstep pattern of the data points is indicative of the hysteresis
effect for individual storms noted earlier. A relatively steep slope
occurs at the beginning of each storm xx.zhen the sediment to discharge
ratio is high. The slope gradually decreases as the suspénded sedi-
ment to dis chafge ratio begins to decrease following the hydrograph
peak, Secondly, the curvilinear trend of the regression line supports
the idea that a 'flushing' takes place over the winter runoff period.
The steep slope for fall storms shows a relatively high sediment to
streamflow ratio in comparison to the late winter or early'spring
storm;.

The data presented for Oak Creek strongly suggest that the
flushing of bed fines is an important factor in the sediment regime of
this stream. Flushing occurs during storms and through the runoff
season, Therefore, some means for the replenishment of bed fines
must exist if this trend is to be sustained by the system. The con-
ceptual model for suspended load transport presented by Milhous and
Klingeman (1.973) hypothesizes that a few largé, stable armor particles
provide sheltered areas which tend to trap fine sediments soon after
general bed disturbance occurs at high flows, As the flow recedes
and the bed armor is nearly reformed the gravel matrix begins to
filter out large quantities of fines. As a result of lower quantities of

fine sediment are available for transport once the armor layer begins



to reform. The fine sediment stored in the bed gravels will be

released upon the initiation of the next high flow event,

The quantity of fine sediments "flushed' from the stream is

obviously influenced by the amount and timing of sediment inputs to

71

the channel system. Several possible mechanisms exist for replen-

ishment of fine sediments in the channel:

(1)

Subtle erosional processes such as soil creéep, bank caving, and

dry ravel are contributing large amounts of sediment to the
étream channel. Swanston and Swanson (1976) estimate soil
creep rates in the western Cascades to be between a few
milliliters to a few centimeters per year. However, an esti-
mated annual supply of 64 metric tons/lineal km of stream/
year of soil material can be delivered to a s.tream channel by
this process. They indicate that this is a conservative esti-

mate, assuming a creep rate of 10 mm yr—l and 2 m high

stream banks. This type of mass movement phenomenon is not

uncommon on many Coast Range watersheds. No detailed

geomorphic analysis of mass soil movement has been done on

the Oak Creek watershed, but large proportions of the drainage

basin do exhibit some degree of natural instability. Steep,

undercut, raw soil banks are common channel characteristics,

Slumps and earthflows adjacent to stream channels are evident

in a few channel sections. These types of sediment inputs,
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coupled with very low summer flows, co‘uld account for a lérge
amount of sediment storage during this period. Subsequent high
SSC values may result during initial fall storms.

(2) The effec;ts of landslide activity which occurred during the
1964 and 1965 iloods may still be influencing the sediment
regime. During this period, large quantities of sediment were
delivered to the channel from upslope areas. The hill siopes
appear to be stabilized, but quantities of stored sediment in the
channel may still be moved downstream during subsequent storm
-events.

(3) No detailed information about sediment storage behind large
organic debris deposits is known for Oak Creek. However,
large amounts of sediment can be trapped behind debris jams
a.nd later iae released when the jams are washed away
(Swanson, Lienkaemper and Sedell, 1976). Trees falling into
the stream may also divert streamflow, initiating accelerated
bank cutting. This effect can be particularly significant in
streams such as Oak Creek where unconsolidated alluvium
comprises significant aniounts of channel banks and there are‘
limited bedrock controls.

The'scouring of stream banks and the undercutting and caving
of banks during high flow periods undoubtedly makes significant con-

tributions to the suspended sediment loads. Surface runoff from roads
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and trails in the watershed may also be significant sediment contribu-
tors. However, the relative importance of the. many pofential sedi-
nlént sources is not known,

The extreme winter drought of 1977 resulted in a very limited
amoﬁnt of sediment transport information for that year., The few
rainfall events which did occur were insufficient to initiate normal
sediment movement, The significant suspended sediment trangport
was measured at the Flynn Creek station during this yeér. Two
small storms did initiate some sediment transport in Oak Cree_k.

The sediment graphs and hydrographé for these events are plotted

in Figure 19. In comparing these results with the 1975-76 results
shown in Figure 4, itis interesting to note the repetitious pattern

of high initial sediment concentration peaks and lower secondary
sediment peaks. This indicates that many of the characteristics
observed earlier are not trénsitory phenomena. When storms 1 and
2 (Figure 19) of 1977 are compared to the 1976 late season stormg
(Figure 15), significant differences in the sediment peaks are evident
even though these storms are of similar magnitude. The recurrent
pattern of relatively high early season sediment concentrations lends
support to the theory that the fines reservoir is replenished to some

extent during the spring, summer and fall dry period.
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Comparative Analysis of the Oak and ¥Flynn
Creeks Sediment Regimes - :

Three factors, climate, soils and geomorphology, dctermine
erosional and sedimentation processes within a watérshed. Oék and
Flynn crceks have relatively similar climatic regimens and con-
sequenfly similar vegetative cover. However, the geologic history of
. the two areas shows marked contrasts, The Flynn Creek basiﬁ ha;
developed from uplifted éoastal sediments whereas the Oak Creek
basin is of volcanic origin (part of the Marvys Peak intrusive forma-
tion). The basaltic soils of the Oak Creek watershed are fine tex-
tured with a high erosion potential (Table 4), In contrast, the soils
of the Flynﬁ Creck watershed, developed from sandstone parent
material, have a much coarser texture and only moderate erosion
potential (Table 4). Both watersheds have a history of mass soil
movement on the steeper slopes. This activity has had a ma:jof
influence on sedimentation rates during certain periods in the past,
but was not belie\}ed to have been a major influence during this study.

A .comparison of the watersheds' channel morphologies was made
using techniques developed by Horton, Strahler, and Yang (Yang, 1971).
Horton's stream laws and Strahlér's ordering system were used to
deveclop semilog plots of stream length, and stream slope for the
Oak Creek and Flynn Creek watersheds (Figures 20 and 21). These

morphometric parameters can be used to express the equilibrium
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status of a channel network and are based on stream morphology
theories derived from Ledpold's (1962) concepts of stream energy and
entropy. The theories are ''the law of average stream fall, ' and "the
law of least rate of energy expenditure.' The iaw of average stream
fall is based on the premise that the most probable dis.tribution of
energy in a system is such that the entropy in the system is maxi-
mized when equal amounts of average fall exist in each strearﬁ order.
The law of least rate of energy expenditure is derived from the con-
cept that the production of entropy per unit mass of water should be
minimized. When the conditions of these two laws are satisfied the
stream is said to have reached a condition of dynamic equilibrium,
This equilibrium state is subject to alteration by a variety of external
constraints. These constraints include bedrock controls, changes in
sediment load a_hd changes in discharge. Figures 22 and 23 show
longitudinal channel profiles of the two watersheds. The coefficients
{C, b, E, F) used to develop the profiles were derived from the
Horton-Strahler relationships in Figures 20 and 21. Profile I
(Figures 22 and 23) represents an average channel profile and Profile
I represents the theoretical equilibrium profile, where an equal
average fall exists between each stream order (i.e., the fall ratio
is equal.to unity)., The calculated fall ratios f‘or both Flynn and Oak
creeks are g’reater than 1.00, 1.35 and 1.11 respectively. Thus the

wat ersheds should be in active states of degradation, attempting to
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bring Profile I down to the level of Profile II. However, two con-
straints must be considered before accepting this conclusion. First,
the watereheds parameters of length and slope must conform to the
linear relat.ionship defined by Horton's plots. Secondly, geologic
anomalies such as waterfalls and bedreck chutes should not represent
major barriers to channel development. Oak Creek meets these
criteria fairly well. Flynh Creek, on _the other hand, does net. A
relatively poor fit of aata points exists for the mean stream length
relationship in Figure 21, From field observations it appears that
geologic constraints have played a major role in the development of
the Flynn Creek drainage network. Many of the second order stream
channels are short, steep, bedrock chutes, The main third order
channel appears to be a principal area of deposition for material>
scoured out of the lower order drainages. It thus has a relatively
shallow gradient and does not seem to be undergoing the appreciable
downcutting which would be expected from the channel morphelogy
analysis.

A stream reach inventory and channel stability evaluation
procedure (Pfankuch, 1976) was also used to determine the channel
stability classes for Oak and Flynn creeks. Results indicated Oak
Creek to be in the poor-.to—fair category while Flynn Creek falls in

the fair -to-good category.
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Based on the available soils,. geomorphology and channel.stabi—
lity information, some inferences relating to the sediment regimes
of the two study watershed§ can be made. The high soil erosion
potential an;:l unstable nature of the channels in the Oak Creeck water-
shed would indicéte relatively high sedimenf: discharges from the
stream. Flynn Creek, on the other hand, seems to have less erosive
so.ils and more stable channel characteristics. Both watersheds have
a past history of mass movements due to steep slopes on the .upper
reaches of the watersheds. As a result, large sediment discharges
may occur on both watersheds during large, infrequent floods, when

‘mass movement activity is most likely to take place.

Figures 24 and 25 show sediment graphs and hydrographs for
the first large stl:orm events in 1975, during which the relative mag-
nitude of storm runoff is greater for Flynn Creek than for Qak Creek.
However, the peak sediment concentrations are of greater magnitude
for Oak .Creek than for Flynn Creek. Figure 26 compares two
storms of similar magnitude, where yields are greater for Qak Creek.
For the several events .which followed these storms, QOak Creék con-
tinued to exhibit significant suspended sediment loads, while Flynn
Creek had little or ﬁo suspend.ed material moving th-rough the stream
system. Sediment data collected on Flynn Creek during the Alsea
Study showed a similar trend of high sediment yields for the large,

infrequent storm events.,
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Creek, 1975-76 winter.
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In- Channel Sediment Source Areas

The strcambed has been suggested as having an important
influence on the._sediment availability in gravel bottom streams. Thus |
the dynamics of scouring and filling of bed material is an essen_tial
factor in quantifying the effects of the bed on sediment transport.
Channel profile measureménts and scour chains were used at a
limited number of stream locations on both watersheds iﬁ an attempt
to characterize seasonal changcs in the channel configurations.
Figure 27 shows selected channel profile measurements for Oak
Creek. Station 8 shows rather dramatically how a debris jam can
affect channel stability in a strcam section. In this case the jam,
located 15 m above station 8 was partially washed out b;lr high flows
and deposited coarse sediments several feet downstream of station
9. In profile stations 9 and 12 there is evidence of alternate scour
and deposition in the downstream direction. Heede (1972) also
observed this phenomenon in gravel bottom streams in the Rocky
Mountains. He attributes these distinct patterns of scour and deposi-
tion to adjustnients of the stream to a new equilibrium profile. The
cross~-sectional profiles for Flynn Creek (Figure 28) illustrate less
drastic seasonal changes in channel profiles in comparison to the Oak
Creek profiles. This particular section appears to be relatively

stable,. with only a small amount of scouring and deposition.
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Scour chains were installed at each profile station in both
streams in hopes of detefrnini_ng the maximum depth of scour and
the depth of backfill at each channel cross section for the year. The
large size of bed cobbles made excavation and rnéasurements Vof the
scour chains particularly difficult in Oak Creek.. In addition, many
of the chains were either -washed out or deeply buried in the bed.

As a result of the low recovery rate and the difficulty of accurately
"1~eadiﬁg" the chains, results were inconclusi\-re for Oak Creek.

Uscful results were obtained for Flynn Creek, however. A
mean depth of scour of 0.04 m and depth of fill of 0,08 m were cal-
culated for stations 10 through 60, This would seem to indicate a
gcneral bed disturbance during one or more of the high flow events.

In most sections the stream bed returned to nearly the same con-
figuration.

Bed gravel samples were takep in October 1976, just prior to
the normal high runoff period, in order to estimate the tot‘al amount
of fine sediment readily available in the bed gravels. Mean channel
widths and average depths of disturbance were estimated from the
information obtained at the channel profile stations. Channel lengths
were measured from topographic maps. The results are summarized
in Table 5. Fine sediment storage in the bed is approximately
55, 000 kg for Oak Creek and 12,500 kg for Flynn Creek. Itis

interesting to compare this information with sediment yield data
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from the previous winter. The estimated yield for Oak Creek during
1976 was 180, 000 kg. The calculated fine sediment sto;ed in the
bed represents 30% of this total. For Flynn Creek an estimated
130, 000 kg 6f sediment was transported and in this case the fine
sédi ment stored in the be.d represents oﬁly 10% of the total. These
results may indicate tha£ the bed fines reservoir pla}:;s a more
significant role in the sediment regime of Oak Creek than it doe s

in the sediment regime of Flynn Creek.

Table 5. Bed fines analyses, Flynn and Oak creeks, 1975-76.

Suspended
_ sediment
Stream Channel Depth of concentration Total
order width length  disturbance in grave3ls wt.
(m) (m) (m) (kg-m 7) (kg)
Oak Creek
3&4 4 x 4389 x .15 x 20.92 = 55, 091

Flynn Creek

2 &3 4.3 x 3219 x . 125 x 7.2 = ‘12, 457
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SUMMARY AND CONCLUSIONS

Scveral aspects of'suspended sediment transport in two
small, Oregon Coast Range watersheds have been investigated.
Major facets of the study included the evaluation of sampling method-
ology and measurement techniques for determining sediment con-
centrati on, the evaluation of. temporal variability in .SSC, and the
identificati on of potential in-channel sources of fine sediments.

Measurements taken at the Oak Creek study site indicate that
no significant hqrizontal gradation of suspended sediment load occurs.
A co_rnparis‘on of DH 48 depth integrated sediment samples and point
samples taken with the ISCO pumping sémp1e1~ near the bed of the
stream indicates significant vertical suspended sediment concen-
tration gradients in the water column at Oak Creek, This effectis
most prominent during high flows, and may ber the result of bed
load-Suspendedv load interactions.

Two kinds of measurement techniques, i.e., nephelometric
and filtfation—gravime tric, were used to estimate sediment loads.
The correlation between direct measures (gravimetric-filtration)
and indirect measures (nephelometry) was found to be high on the
Oak Creek waté rshed. Insufficient data. from Flynn Creck prevented
a similar comparison.

The temporal variability in SSC as it relates to hydrograph

characteristics was the major consideration of this study. Secveral
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interrelationships between storm hydrograph characteristics and
sediment transport rate were observed. A hyéteresis effect was
illustrated whereby higher sediment concentrations for a given
stream discharge was evident on the rising limb of most storm
hydrographs. A decrease in the amount of suspended sediment yield
per unit volume of streamflow from the Oak Cre.ek watershed was
observed to occur as the winter runoff period progressed. . This
phenomenon was found to approximate a log-linear function. Both
of these effects (in-storm hysteresis and declining sediment yields
through the runoff period) are thought to be tied to channel bed move-
ment. The disturbance and formation of the armor layer on these
gravel bottomed streams is hypothesized to be a major factor
controlling the release of fine sediment stored in the streambed
gravels.

An analysis of fine sediment material stored in the bed
graveis of Oak Creek and Flynn Creek indicates substantial amounts
of suspendable material do exist within the stream gravels, The
preliminary results show these in-channel sediment source areas
have the potential of suppiying 10% to 30% of the suspended load on
these streams.,

A comparative analysis of the sediment regimes of Qak Creek
and Flynn Creek was made using selected soils and geomorphic

parameters. Such factors as soil texture, erosivity, runoff potential,



and étream channel gradient and stability appear to be useful
indices in characterizing the suspended. sediment regime of the
two study watersheds.

Althoﬁgh sediment concentrations and transport in sméll
mountain streams aré variable in both time and space, this" ;C,tudy
has identified sevér;l definite patterns of variation. Concentra-
tioﬁs can rapidly change (at a greater relative rate than the

hydrograph) and these changes are related to hydrograph charac-
terisfics and the history of previoué flow events. These results
should provide additional insights for sediment transport processes

on other mountain watersheds in the Pacific Northwest,

94
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Schematic Diagram of Magnetic Switching Device Used
to Initiate ISCO Pumping Sampler
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APPENDIX B

DISCHARGES, SEDIMENT CONCENTRATIONS AND TURBIDITIES
FOR STORMS 1-6 AT OAK CREEK, WINTER 1975-76



Column Heading

HoQw e

Key to Appendix B

Column Description

Time, 1/2 hour )
Discharge, ft”-sec

3

1 -
(ft3'sec 1) + (0.02832) = m~-sec

Storm Number

N R W N

Starting time for data record, i.e. T=0

-1

3 - .
" Cumulative Discharge, ft *sec 1, 1/2 hr
Suspended sediment concentration, mg'l-l
Turbidity, ntu

2000 hours
1630 hours
0200 hours
0000 hours
1200 hours
0000 hours

on
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11-29-75
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12-04-75
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3-24-76
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